Release of phosphorus (P) from terrestrial environments undermines water quality by contributing to eutrophication in lakes and rivers. Soil amendment is considered one of the best management practices to reduce P loss from sandy soils. Laboratory leaching experiments were conducted to evaluate the effectiveness of different soil amendments in reducing P leaching from a typical sandy masa soil in Japan. Burned and unburned poultry litters (PL) are commonly used as a fertilizer and amendment to improve soil productivity. Application of biosolids to meet the nitrogen requirements of crops can lead to accumulation of P in soils, which may result in P loss to water bodies. Long-term application of P with animal manure in amounts exceeding removal with crops leads to buildup of P in soil and to increasing risk of P loss to surface water and eutrophication. We investigated the mobility of P in burned and unburned PL samples from a sand dune Regosol and Masa Terrestrial Regosol (Japanese soils). Soils amended with either PL or poultry litter ash (PLA) differed greatly from those with no litter application. Poultry litter ash application to soils significantly increased the total P as compared to the soils amended with PL. Masa soil contained higher extractable P than sand dune soil. Manure amended soils differed for P release in the order of PLA masa > PLA sand > PL masa > PL sand > control. The higher P concentration in the ash resulted from elimination of the carbon during burning of the litter. The concentrations of K, Ca and Mg in leachate varied irrespective of the total amount applied with PL.
INTRODUCTION
Release of phosphorus (P) from terrestrial environments undermines water quality by contributing to eutrophication in lakes and rivers. Eutrophication arises from a complex interrelationship between nutrient status and ecological circumstances that result in accelerated growth of algae or water plants. Presence of algae causes significant limitations on water use for drinking and fishing, as well as for industrial and recreational *Corresponding author. E-mail: waseemq2000@hotmail.com.
uses. In Europe, 55% of river stations reported annual average dissolved P concentrations in excess of 50 µg P L -1 over the period of 1992 to 1996 (Crouzet et al., 1999) . The protection of water quality is, therefore, a major international environmental problem (Zeb et al., 2011; Khalid et al., 2011) . To meet the dairy demands, global cattle stock has been increased by 5% and the total production of poultry meat grew by about 75% more in 2001 to 2003 than in 1991 to 1993 (Steinfeld et al., 2006) . Similarly, in the poultry industry, only in the United States, approximately 8.5 billion broiler chickens are produced annually (U.S. Agriculture, 2004) . Every chicken produces between 1.46 and 2.67 kg of waste in its life (Miner et al., 2000) , resulting in an annual total between 12 and 23 billion kg waste. Biosolids, that is, poultry litter (PL) and poultry litter ash (PLA) is suitable and beneficial as it is commonly used as fertilizer and soil amendment to improve soil productivity (Laturnus et al., 2007) . Nitrogen (N) and phosphorus (P) play important roles in this regard and got the attention of many researchers. However, leaching of calcium (Ca) and magnesium (Mg) could not fetch the desired attention of the researchers, especially from the soils heavily impacted with different biocomposts. However, these nutrients are very important from an environmental as well as plant nutrition point of view. Ratios of nitrogen (N) to phosphorus (P) in biosolids are usually narrower than that required for crop growth (O'Connor et al., 2004) . Land application of biosolids based on N generally results in excessive P accumulation in soils, which may increase the risk of P losses to surface or ground water and contribute to water body eutrophication (Pierzynski and Gehl, 2005) . Phosphorus moves from agricultural land in particulate form via soil erosion and in dissolved form via surface and subsurface runoff (Elliott et al., 2005) . Substantial vertical movement or leaching of P from crop land regularly receiving animal manure has been documented in recent studies (Nelson et al., 2005) . Phosphorus risk assessment has been undertaken using soil column or field lysimeters to measure runoff P directly (Yang et al., 2007) , or using P testing methods to indirectly reveal P distribution and movement in soil profiles. Many linear or nonlinear relationships have been established between soil P and runoff P, based on which a number of thresholds for soil P index have been set to identify land with high risk of P losses. However, P leaching potential on waste-amended land is dependent on several factors, such as soil P levels, soil P-retention capacities, hydraulic conditions (e.g. preferential flow pathway), management practices (e.g. rotation) and P sources (Brock et al., 2007) . Biosolids application has resulted in significant improvement in site productivity. Plant-available P in soil was found to be higher in biosolids treatments than in the control. Most previous studies on P bioavailability and movement were conducted in agricultural and horticultural soils. Phosphorus movement in waste-amended forest soils has received less attention.
Department of
When applied to the soil, the phosphate precipitates. Precipitation occurs rapidly and, therefore, phosphate tends to move very little, usually just a fraction of an inch in any single season. Precipitation occurs in both acid and alkaline soils. Phosphate is precipitated in acid soils by iron (Fe) and aluminum (Al). Aluminum is most active precipitating phosphate at a pH of 5.0 to 5.5. Iron is especially active below pH 4.0 where phosphate is strongly fixed. Calcium (Ca) is primarily responsible for phosphate precipitation in alkaline soils. Out of the three processes, precipitation of P by Fe, Al and Ca; P is Faridullah et al. 835 relatively more available to crops when it is precipitated by Ca. Therefore, loss of phosphate (fixation) through precipitation is actually of less concern in alkaline than in acid soils. Phosphorus moves from agricultural fields in a dissolved form or attached to soil particles. When soil P levels are not excessive, up to 90% of the P transported from cropland is bound to soil particles (Sharpley et al., 2004) . Thus, erosion control measures prevent significant off-site P movement. Yet, some agricultural fields have soil test P levels in the high and very high categories, and off-site transport of soluble P can be important. Soluble P is directly available to algae (Sonzognih et al., 1982) and thus particularly relevant to water quality degradation. The growing concern over excess P in soils has led to regulatory changes that could dramatically affect landbased recycling of biosolids.
Sound management of land-based biosolids recycling demands a full understanding of P transformations in the soil-plant environment, but leaching of biosolids P has received limited investigation. Unlike nitrogen, leaching of P has not traditionally been viewed as a major ground water problem. In many soils, abundant P-sorbing oxide components in surface horizons and subsoils keep leachate P levels well below eutrophication thresholds. Peterson et al. (1994) , summarizing a 12-year study where liquid digested sludge was applied to a Plano silt loam (fine-silty, mixed, superactive and mesic Typic Argiudoll) in Wisconsin, concluded: "we do not need to worry about P leaching to ground water because leaching is practically zero." While true for many locations, down-ward movement of P from organic wastes is potentially significant in areas with shallow ground water and coarse-textured soils of low P-sorbing capacity (Lu and O'Connor, 2001) .
In agricultural production systems, continuous applications of P in excess of plant requirements results in the upper soil layers becoming enriched, and eventually saturated, with P. Large amounts of P could then be leached into deeper soil profiles and even into ground water, or P could be transported in surface runoff. This P may then contribute to eutrophication in fresh water systems. Sharpley and Tunney (2000) confirmed that the accumulation of P in agricultural soils can potentially lead to environmental problems if the P is transported to water. Most of the data available on this problem deal with standard agricultural soils and information is lacking on the movement of P in masa and sandy soils. The objective of the present study was to determine the leachability of P and to investigate their distribution in a sandy masa soil receiving poultry litter and poultry litter ash applications.
MATERIALS AND METHODS
Poultry litter was collected from Tottori prefecture, Japan. The litter was air dried, crushed and sieved (<250 µm) to ensure homogeneity. The PL was weighed up to 100 g into porcelain crucibles and ashed simultaneously in the muffle furnace at 600°C for 2 h. On removal from the oven, the samples were placed in glass desiccators and allowed to cool for 30 min. The selection of 600°C burning temperature was based on our previous study (Faridullah et al., 2008a, b) , where total extractable P fraction was obtained at its highest in the burned poultry litter. In this study, sandune and masa soil was used. According to the United Soil Classification System of Japan (2002), soil is classified as sand dune Regosol and masa Terrestrial Regosol. The physicochemical properties (Table 1) of the soil were determined by using the procedures described subsequently. Soil texture was determined by the pipette method (Gee and Bauder, 1986) . Soil pH and electrical conductivity (EC) were measured in soil-water (1:5; w:v) suspensions. Total carbon (C) and total N was determined by the dry combustion method using the SumiGraph NCH-21 analyzer (Model MT 700, Yonaco Company, Japan). Phosphorus fractions were determined by the sequential extraction procedure of Hedley et al. (1982) . The PL and PLA samples, weighing 0.5 g were placed in a 50 ml centrifuge tube and were fractionated into readily plant-available P, labile inorganic P (another plant-available fraction), Al-associated inorganic P and Ca-associated P by sequential extraction with 30 ml of de-ionized water, 0.5 M NaHCO3 (pH 8.5), 0.1 M NaOH and 1 M HCl, respectively. For each extraction, the material was shaken for 16 h at room temperature. After each end-to-end shaking, the tubes were centrifuged at 10000 rpm for 10 min., and the supernatants were filtered by a 0.2 µm filter. The shaking/filtering cycle was repeated for all the extracts. Samples were digested in nitric-perchloric acid (5:1) mixture to measure the total elemental concentrations of P. Phosphorus contents in the digest were measured calorimetrically by using the sulfomolybdophosphate blue color method on a spectrophotometer (Model U 2001, Hitachi Corp, Japan) at 710 nm. Exchangeable cations were leached from the sample with neutral ammonium acetate, and the contents of K, Ca and Mg were determined using a polarized Zeeman atomic absorption spectrophotometer (Model Z-2300, Hitachi, Japan). The PL and PLA samples along with the amended sand dune and masa soils were extracted for water soluble P (WSP) using de-ionized water. A water extract removes only easily dissolved form of P, but very little of the adsorbed and mineral forms. To measure the total elemental concentration of P, K, Ca and Mg in the samples were digested in nitric-perchloric acid mixture (5:1). Phosphorus concentration in the digest was determined by the same procedure used for soil P analysis, whereas total elemental concentrations of cations (Ca, Mg and Zn) were determined on a polarized Zeeman atomic absorption spectrophotometer (Model Z-2300, Hitachi, Japan).
Four kilograms of each soil sample were weighed into Wagner pots (height 30 cm; diameter 18 cm). Before putting the soil in, pots were bedded with equal amount of gravel to avoid the blockage of the drainage hole. Irrigation was carried out by the weighing method. The column and pot trials were carried out to verify the irrigation water requirement (pot capacity) of each manure amended soils. To determine the irrigation requirement, two pots from each treatment were weighed on a daily bases. The required amount of irrigation water was calculated from the difference between pot capacity plus leaching requirement (25% of applied water) and actual weight of each individual treatment as described by Bar-Tal et al. (1991) . Quantity of water applied to pots was manipulated according to the requirement of each treatment. Leachate was collected in dark bottles, which were connected to the pots' drainage holes at the bottom through a pipe and stopper. After each irrigation event, leachate was collected within 24 h and immediately transferred to the laboratory for chemical analysis. The amount of water leached out from each treatment was recorded after each irrigation event. Pots were arranged in a randomized complete design on greenhouse benches under natural light and temperature conditions. The bottles used for collecting leachate were erected on the floor without stretching the drainage pipe. Pots were reshuffled after every 48 h to avoid microclimatic effects. Each treatment was replicated three times.
The data collected during the studies were statistically analyzed using the Stat View software (SAS, 1999) . A probability level of P < 0.05 was considered significant, and means were separated by Fisher's least significant difference (LSD) test.
RESULTS AND DISCUSSION
Long-term application of P through animal manure in amounts exceeding the removal by crops leads to the buildup of P in soils and increases the risk of P losses to the surface water and eutrophication. In most manures, major amount of the P is held within inorganic forms, but in soil leachates, organic P forms often dominate. It has long been recognized that the use of inorganic chemicals in wastewater and sludge treatment can markedly influence the P availability of bio-solids.
Soils amended either with PL or PLA differed greatly from those with no litter application. Poultry litter ash application to soils significantly increased the total P as compared to the soils amended with PL (Figures 1 and  2 ). Unamended soil released the lowest amount of total P as compared to the PL and PLA amended soil. Higher extractability of P was noticed in PLA than PL amended soils. Masa soil contained higher extractable P than sand dune soil. For litter samples (PL and PLA) amended soils, manure types were differed for P release in the order of PLA masa > PLA sand > PL masa > PL sand > control (Figures 1 and 2 ). The extractability of P was reduced in leached soil.
The pH of PLA was alkaline (11.5), with electrical conductivity of 31.1 dS m -1 . Total and Petermanextractable P concentrations were 114.8 and 66.3 g kg -1 , respectively (Table 2) , which was three times higher than the concentration poultry litter. The higher P concentration in the ash resulted from elimination of the carbon during burning of the litter. Previously, the P fractionation studies also revealed that water soluble P was reduced significantly whereas other P fractions were increased with incineration of PL (Faridullah et al., 2008a, b) . It has been reported elsewhere that labile P (water plus NaHCO 3 ) was much higher in the PL than PLA (Codling et al., 2000) . The environmental risk of applying organic amendments depends on their total P content as well as forms of P. Poultry litter and PLA were applied on total P basis, which left varying amounts of K, Ca and Mg in different treatments. The concentrations of K, Ca and Mg in leachate varied irrespective of the total amount applied with each manure treatment (Figures 4 to 6) . Analogously, though all the manures were applied on total P basis, it was observed that P release also varied greatly between litter types. Thus, studies have reported that leaching of biosolids P is minor or negligible (Peterson et al., 1994) . For most locations, restricting biosolids application rates according to the P needs of the crops would normally be unnecessary to minimize leaching concerns. Dry sewage sludge solids are composed of about 50% (by weight) organic matter, in which many metals should be strongly complexed, and in the presence of an ion, the concentration may affect others or be affected by other ions. For example, Kolahchi and Jalali (2007) reported that in Ca-saturated soil, the amount of K leached increased as Ca concentration increased. Similarly, Nair et al. (2003) reported that Ca and Mg concentrations in the manure influenced the P release and their P release potential varied with the manure source.
Leaching of P, K, Ca and Mg greatly varied under PL and PLA amendments (Figures 3 to 6 ). Among the burned and unburned amendments, concentrations of P, K, Ca and Mg were higher in the early leachates, and an increase in concentrations was observed until the second leaching event. Higher amounts of P, K, Ca and Mg were leached out from the PL amended treatment both in masa and sand dune soils. The P concentration in the leachate from different amendments varied in the order PL masa > PL sand dune > PLA masa > PLA sand dune > control. The same trend was observed for K, Ca, Mg concentrations (Figures 3 to 6 ). As observed in the current study, P, K, Ca and Mg concentrations increased until first two leaching events and then steadily reduced in the subsequent leachates. The data of Ahlberg et al. (2006) also showed that K, Ca and Mg concentrations from sludge-amended soils were higher in the early leachates and then reduced subsequently. Ahlberg et al. (2006) analyzed the leaching of metals from sewage sludge during a 1-year study and found a partly different order of total metal amounts leached. It can be inferred that the amount of a particular nutrient does not depends upon the amount added to the soil but upon the source of nutrients applied. Several studies have reported that organic P fractions dominate leachate from waste amended soils. Chardon et al. (1997) concluded that > 90% of the P leached from a sandy soil treated with pig slurry was present in an organic form.
Conclusions
Poultry litter ash has a good nutrient composition, with the exception of N, which is lost to the gas phase during combustion. However, the ash also contains higher concentrations of different metals. By adopting a leaching process, most of the nutrients, such as P, K, Ca and Mg can be dissolved and recovered in the leachate. The leachates contain very low concentrations of metals. This makes the leachate suitable as fertilizer. Results from our previous experiments showed that the largest portion of P in the PL was water soluble, which makes P more susceptible to runoff when litter is applied on the surface when compared with the PLA in which the largest portion of inorganic P was found in HCl fraction. This suggests that the P in PLA may be less susceptible to loss in the runoff when applied to land as fertilizer as compared to the PL.
When manure are applied on a total P basis, they leave varying amounts of other nutrients in the soil, and their release and uptake is independent of the total amount applied with each manure type. Therefore, only one or two nutrients should not be emphasized. Our results indicate that the use of PLA can significantly reduce P leaching from sandy soil, and should be considered in the development of best management practices for the sandy soil regions. Most agricultural soils in Pakistan are sandy with minimal holding capacities for moisture and nutrients. Repeated application of fertilizer is necessary to sustain desired yield of crops in these soils. However, eutrophication of fresh water systems in this area has Faridullah et al. 839 been increasing. The losses of P from agricultural fields by means of leaching and surface runoff are suspected as one of the important contamination sources. The benefits and effectiveness of soil amendment in reducing P losses from cropping production systems while sustaining desired crop yield need to be demonstrated. The amounts of P leached from the sandy soil amended varied significantly among P sources and application rates. During our experiment, it was noticed that P mobility in PLA was lower as compared to PL material.
